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55.0189 

A METHOD AND APPARATUS FOR COMPUTING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service and supply industries, and more 
particularly to completing wells for produdng hydrocarbon*, geothcnrul welh, or the Eke 

Whik drilling is taking place, the integrity of ft well is controlled by a drilling mud of density 
that needs to be adjusted to that the faydnnfic pressure of the nud cokusnn opposes the kaks 
from the formations while stmuhaneousry ft voiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds ft certain value, the pressure difference due to 
the Difference in depth is such that it is no longer possible to formulate a mud capable of 
performing hs function over the entire length of the well, so to prevent collapse of the waH, tt 
is necessary to line the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the well, and are fixed to the wall of the wdl by 
c>ernentin& Thereafter, drilling can continue down to the next critical depth 

Each newly-drilled length nam be fined with casing of outside diameter mat is small enough to 
pais through the casing that u 

staircase structure with a hole that is large at the top of the wefl and much narrower at the 
bottom of the well. Such a configuration is ftx from optimal: « Urge hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
usefiil zones does not frvor production by good draining of the formation. 

Worse stiff* h often happens that the hole passes through u^ 

boring has reached a critical depth. Such critical zones may, for example, be veins of very 
fri able rock or "pockets" of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circumstances, the only solution is often to cement these zones by putting casing into place 
immediately, thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones are encountered as drilling continues. 
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It will also be understood that it is vwy difficult to repair damaged casing by installing new 
casing, without farther significantly reducing the size of the Sole and thus running the risk of 
preventing penetration of certain tools or items of equipment that may be needed in the 
production zones, for example. 

Over the last few years, the industry haj developed new technique* of completing wells or of 
completing them temporarily, so as to irarumuc the number of •steps' and to increase the 
downhole diameter of the wtfl. 

Proposals have thui been made to use » composite nuteriiJ comprising an expandable cbth 

made of glass fibers impregnated with Km^rvroerixed epoxy resin and having i rubber 

membrane covering its outside free which is directed towards tlie waU of ti^ 

appropriate laying tool, the rotsnbrane is applied against the wall of the hole or a damaged 

portion of casing, and the resin is caused to |»h^nerire by beai« heated. Tim raa^ 

that technique is that h requires electrical power of the order of 1000 watts per linear meter. 

thus limiting its application to treatmgionesthrt are relative* 

of synthetic material cannot constitute » final replacement for metal casing since thai needs to 
be capable, in particular, of wm^tanding treatments based on iti^ 
that ate particularly corrosive. 

US Patent 5 348 095 proposes making casing out of a continuous tube of ductile material 
capable of withstanding, large amounta of plastic deformation. The tube U enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
accompanied by a reduction in the total lengm of the tube, and tlia can given 
problems at the ends. Rinhermote, die |«s*ure roq^ 

US PatertS3W 012 propose* a perforated Imerp 

A mandrel having a large diameter that is greater than the inside diameter of the perforated 
liner is used to expand the waH of the finer and the orifices become larger. Fiber-Enforced 
cement can then be cast on either side of the Imer. arm one* tte cenie* naa eet. to 
the firier is bored agam. thereby leav^ 

reiruorceroent. The need for further boring after c>er*amng constitutes a major drawback of 
that technique. In addition, in the above-mentioned case, the pressures required for expanding 
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the tube ire quite high and the final length of the finer b reduced. Finally, the slot* must be 
pierced in compliance with very precise specifications, which leads to a manufacturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing that does not present 
the abeve-mentiooed drawbacks of the art 

According to the invention, this object is achieved by a finer for completing a hole in an 
underground formation, the uner being constituted by a spvtJ-wound atrip of spiral cross- 
section, its longitudinal edges having complementary touching profiles such that after 
expansion the liner is circular in section. 

To complete a weD, the ipiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tool, &g. a corneal tool, so as to place the longitudinal edge in 
a touching position where they form a cylinder. A dosed continuous liner is thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spiral-wound casing of the inventioii U particularly adapted to cxmenting wells thai are 
horizontal or muhUateral, given its small diameter in its contracted state which lends itself 
wefl to being installed in narrow wells or in wells of trajectory that impedes the towering of 
traditional casing segments. 

The liner of the invention b also well adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion b dose to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drilling can continue and the entire column, including 
the zone that has already been completed, b subsequently completed in corrvtrmoaal manner. 

The spiral casing of the invention can also be used for repairing casing that has been damaged, 
since the outside diameter of the spiral casing after expansion can be selected to be equal to or 
very slightly less the inside diameter of the casing that b already b place. 

The spiral-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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lOTgjtudinid axis of the Kner. Also preferably, the longitudinal edges have a ctwvJUtod rection 
to provide mechanical engagement at a predetermined diameter. 

In • more particularly preferred variant of the invention, the liner is obtained by rolling up a 
strip about an axis that is at A certain ingle relative io the axis of symmetry of the strip. Under 
such circumstances, when the liner is in the coi^cted «ite,h haiiJ^t^ch^attouMe 
hefix around the cylinder. If the period of the heBx is appn>priatelydiosea,tnenege©metifcal 
figure is obtained whose length is not altered by expansion.. 

The faerofthemveatiooefflDe wound let#^ 

coiled tubing. In order to complete sections that are of great length, it is possible to weld 
together a plurality of sheets, either during owiuacture of Ae Biier. which b i>pe&raHe wnen 
using the coiled tubing technique, or ebe directly on she. 

The Hner of the invention can be made of metal. e.g. steel or any other materisl having the 
desinrf Degrees ofdastratyaiul plasty ^ 

is selected, and providing h has not been cemented, then the finer of the invention can 
optionally be removed, thus mslring temporary pleswneots posabk. 

Other detail* and advantageous charactariarice of the invention appear from the following 
description given with reference to the figures, in which: 

after expansion, shown in perspective (Figures la and lb) and m end view (figures la' and 
W), 

•Figure 2 shows an expansion tool; 

• Figures shows an example of mechanical ei«gagen« using toothed eo>s (T^res 3. to 
3d) and shows various profiles for such toothed edges; 

• Figure 4 is a perspective view of a finer in the c«itracted sUte and h*vmg Imigm^ 
with toothed sections; 
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- Figure 5 shows a liner of the invention having longitudinal edges constituting a double hefix, 
seen in perspective in the contacted state (Figure 5a), after expansion (Figure 5b), and in 
longitudinal section (Figure 5c); 

- Figure 6 shows an example of temporary completion using a finer of the invention; 

■ Figure 7 shows a typical sequence for completion of a production zone; and 

• Figure 8 shows a variant of t finer of the invention that b perforated and fitted with a sand 
screen. 

The concept of the invention it shown in Figure 1 , A strip, eg. a metal strip, is spiral- wound 
(Figures la and la*) with overlap over an angle A. After expansion, the liner is circular in 
section and its longrtudbal edges come into contact to commute a dosed peripheral surface. 

If the winding follows an Archimedes' spiral, then writing £ for die thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state* the value De of 
the diameter after expansion b given by the following equation: 



where A, the overlap angle, is expre sse d in radians, and where the lengths De, Dc, and e, are 
expressed in the same units. 

Wkh an overlap of 90* as shown in Figure 1a, a liner having an outside diameter De of 17.8 
cm (7") and a thickness £ of 9 J mm (3/8 of an inch) b contracted to a diameter Dc of 14.9 cm 
(5.86"). For an overlap of 180*, the expansion b close to 50%. 

By way of example, the tool for expanding the liner of the invention can be constituted by a 
double cone assembly as shown diagrammaticalry in Figure 2, having i first end 10 suitable for 
being fixed to the end of a coiled tube or II of diameter 

similar to that of the spiral-wound uner in the contracted state, thereby enab ling the spiral- 
wound liner to be pushed to the zone which b to be completed The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inside diameter of the liner after 
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k has l*en expanded live enlarged ^ 

part by remote control means such as hydraulic pressure, mechanical meant, or a combination 
of such means as is conventional for placement tools as used in well* 

In the variant of the invention shown in Figure 3, the complementary longitudinaJ edges arc 
given teeth to as to form anjechanical lock. As can be teen more particularly tn Figures 3a to 
3d, a toothed edge, in this case an edge having three teeth, can provide effective engagement. 

It may alto be observed that the tonyhufintJ edges have a contact area being b a general 
direction 7> at a pon-zero angle relative to the normal to the longitudinal axis of the liner An 
angle tfat^ 4^ and more genera^ 

Other variant toothed profiles are shown in Figure 3e, The number of teeth can be tocreased, 
or on the contrary, decreased, and it is possible to select profiles that are nearer to being 
square so as to achieve engagement that is doser to being of the tenon and mortise type. In all 
of the camples shown in Figure 3, the toothed edges follow a general direction O at a 
certain angle relative to the normal to the tonghudinal axis of the Knee The profile selected is 
preferably such at to mfokmw radial ftkt™ 

expanding the spiral-wound finer create radial friction forces Fc and Fd which tend to move 
the edges apart This separation force can be miiunized or even elinunated by optmuzing the 
shape of the teeth. 

The forces Fa and Fb which ass* 

angle K of the finer in the contracted position. Nevertheless, too much overlap alto tends to 
\ the rufial forces so that a balance imist be fbuiid betwi» 



The finer is expanded into the shape of a eone cf evasions that depend essentially on the 
geometry of the spira^wound finer and on its elasticity, and to a smaller extent on the apex 
angkoftfaecOTicaiexpa^ 

an expansion tool constituted by a cone whose apex angle is dose to that of the "mturaV' 
expansion cone of the spiral-wound liner. 
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As shown more particularly in Figure 4, the axis of the engagement teeth forms an angle B 
with the axis of the spiral- wound tube. This angle B has an optimum vahie lying between the 
"natural" expansion cone angle of the finer and zero, however zero is also acceptable. 

Figure 5 ibowa the most particularly preferred variant of the invention in which the finer is 
obtained by rolling up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip. In the contracted position (Figure 5aX the edges form a double hefix 
around the finer. After expansion (Figure 5b), the two hefixes coincide and the junction fine 
winds helically around the Boer. 

A particularly advantageous aspect of this geometry Bes in it being possible for expansion to 
be pcribnned without changing the X length of the finer. If, as shown in Figure 5c, the 
" diam e ter s* of the finer are written Dc and De (where index £ c orr esponds to the finer being in 
the contracted state and index £ to the Sncr in the expanded state), and if the periods of the 
hefica! curves followed by the longitualnal edges arc written Bfc 

helix is defined as being the distance measured along the tongxtudlnal axis of the liner between 
two corresponding points that are one complete turn apart around the cylinder of diameter Dc 
(or De if the case may be)), and if the length of I longitudinal edge of the tiner is written L for 
a finer whoae total length ii X, H can be thown that the lengm L U equal to: 



and that consequently, if the tape b roiled up m such a ouura 

*** H * 

X does not vary. 
Whhtikdoubtehefacoiifi 

finer is of thickness W t then the diameter after expar^ugrrab 




A A 
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Finally, another consequence of this geometry is that all points on the surface of the liner move 
m a plane perpendicular to the axis of the finer during the expansion stage. If the ends of the 
double hefix liner are cut perpen&cuiarty to toe longHudbal axis, then after expansion these 
ends wffl define perfect circles in plane that are themselves perpendicular to the longhudinal 
axis of the liner. This disposition is particularly favorable for ensuring sealing of the 
completion at the ends of the liner. 

Figure 6 and 7 are highly di agramnutk and show two examples of ccgnplerion using a spiral- 
wound liner of the invention, it being understood that these examples are not limiting in any 
way. 

In the example shown in Figure 6, the spiral-wound tube b used for completing a zone in 
temporary manner. In a well m deep water, the problem in^ 

between the figuring gradient and the pressure of the forrnatioa There may ahemativery be 
problems associated, for example, with the presence of formations that are highly unstable 
(dayey rock, sands, salts, etc.) in depletion zones, or other problems that are well known to 
the person sldDed in the srt The financial consecnumce^ 

proportion to their length since anticipated completion thereof requires casing to be installed 
on an extra <>ccx5U)a thereby reducing the diameter of the hole. 

The well has been drilled and cash* has been mstslW m I . Drying has then 

cwrtuwedber^tte 

b not cased, prior to reaching a xooc 4 of length Lr which needs to be treated munediatery 
(Figure 6a). The decision is takm to procoed wn* 

kventkML A sfuaJ-wound liner 5 is pushed towards the bottom of the well by means of a 
double ccmical expanse 
inw on (Figure ft) » 

diameter (Figure 6c). Once the Encr is in place (Figure 6d) the expansion tool is returned to 
thesurfrceandthelmcrw 

shown here, the finer is ijrovided whh qwrings 8 to aDow cement to pass from the inside of 
the liner towards the anm^ 
shoe could be used. 
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After expansion, the inside diameter of the liner is practically identical to the diameter of the 
hole in rones where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by means oft reamer). Drilling can then be started again 
without am/ need to driO through a cemented zone, and the entire wdl can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
well 

It is dear that additional toots such as a centraBzer could be used b ccttbtnatioa with the finer 
of the invention. Abo, the finer is preferably fitted with codpieces made of a material that is 
easily deformed and that b easy to drill (e.g. tJurninumX thereby guaranteeing that the spiral- 
wound Kner is properly expanded over its entire length. 

A typical sequence of using a spiral- wound liner of the invention for completing a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, for example; with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7s) and it is then expanded by means of an expansion too) 
(Figures 7b and 7c). Like any other production liner, the finer of the invention is, in this cue, 
pierced to allow production muds to pass therethrough, and as shown in Figures, it is 
preferably covered in a grid which may be fixed tb^ 

to spiral winding. The grid is preferably on the outside free of the liner, facing towards the 
walL 

It should be observed that the surmce area of the roOed-up strip remains unaltered during 
exr^anskm so wetts are not weakened by the spiral-wound liner of the invention being put into 
place and expanded For the same reason, the size and distrftutioa of the openings provided 
for allowing the production ftuids to pass can be selected in a manner that b entirely 
independent of the diameters in the contracted state and m the expanded state. This makes it 
possible, in particular, to obtain a liner that b very strong in association with greater stability 
and longer life of the well. 
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For a horizontal wefl, ■ spiral-wound liner of the invention is particularly advantageous lincc it 
cmn be placed very close to the formation, even in the upper pratioo of the finer, and thai is 
often not the case with a convention!! fintr that it hxapabte of being contracted. 

So long as it has not been cemented, a spiral-wound finer can be withdrawn by means of a 
.pecial toot which separates the longitudinal edges so as to allow the finer to roll up again and 
return to a state similar to that of its initial contracted s»^ ff such whhdn^ U ocpected 
only after several months or years, are should U ttken to «e • mtterU thet b capable of 
retaining its elastic properties over such a long period of time. 

The geometry of the spiral-wound liner of the invention is entirely compatible with mass 
production at low cost For example, it is possible to use metal strips (where necessary strips 
that are welded together) tnat are i«rcedm a prec^ 
rollers 0 r by a hydreubc press raving a punch. 

continuously so as to give them a toothed profile, and grids may similarly be welded at least 
•long one of the longitudinal edges before winding into i spiral Finally, the strip may be 
apiral-wouTtd diroctry and then coil^ 
lengths. 

In general, it is preferable to pay out a finer of the mvesitkm fiw » red sii« that U cheaper 
once the section to be completed is long, and more rcGaUe since connections are omitted 
Nevertheless. H U equa&y possible to use finer* of fixed length and to perform completion in • 
rone by repeatedly placing and expanding lengths of liner. 
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CLAIMS 

1/ A finer for completing t hole in in underground formation, the finer being constituted by t 
spiral-wound strip, its longitudinal edges hiving complementary touching profiles such that 
after expansion the liner is circuUr in section. 

2/ A finer according to daim 1 9 characterized in that the longitudinal edges define a contact 

surface of general direction D lying hi a plane that forms a non-zero angle relative to the 
kwgrtudinal axis of the finer. 

V A finer according to claim 2, characterized in that said angle formed by the general direction 
6 of the contact surface Ues in the range 30* to 60°. 

4/ A finer according to any preceding claim, characterized in that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding daim, characterized in that the liner is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

67 A liner according to any preceding daim, characterized in that it k provided with openings. 
7/ A liner according to daim 6, characterized in that it is covered m a grid. 
8/ A finer according to claim 7. characterized in that the grid is wdded oa 

9/ A method of completing a hole in an underground formation in which a spiral-wound strip 
is towered down the hole, and the strip U opened untH a circular section ts obtained by means 
of a conical ptacerncnt tool for putting the longitudinal edges into a teaching position. 

107 A method according to daim 4, durracterized in that it also includes a cementing 
operation. 

11/ The use of the method according to dasms 9 or 10, for temporary compJetioo of zones 
that are depleted or unconsolidated. 
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12/ The use of the method according to claim 9 or 10, for repairing * casing 

13/ The use of the method of claim 9 for completing a production zone, 

14/ A system for completing a hole in an underground formation, characterized in that h 
includes a tmer according to any one of claims I to ft and an expansion tool suitable for 
splaying apart the kmgfcudinal edges until they take up a position where they touch each other 
edge-to-edge. 

15/ A. tool for withdrawing a liner according to any one of claims 1 to 8, the tool comprising 
means for moving the longitudinal edges apart by a diameter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound configuration of a diameter that is small enough to enable the liner to be extracted from 
the well. 
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